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DEDICATION
아직 죄인 되었을 때에 우리를 위하여 십자가에서 죽으심으로 말미암아 사랑을
확증하여주신 주 예수 그리스도께 감사합니다. 주님께 드릴 것은 이 논문도 대학원
졸업장도 아닙니다. 대학원 과정의 삶 속에서 내가 지칠 때, 쓰러질 때, 포기하고 싶을 때,
절망 속에 있을 때, 어두움에 있을 때 생명의 빛으로 다가와 나를 꼭 안아주신 주님의
사랑과 용서하심에 대한 감사 뿐 입니다. 지식도 논문도 졸업장도 썩고 없어지지만 주님의
말씀은 영원하십니다. 그러므로 그 어느 누구도 나를 주님의 사랑에서 끈을 자 없습니다.
아멘. “여호와는 나의 목자시니 내게 부족함이 없으리로다. 그가 나를 푸른 초장에
누이시며 쉴 만한 물 가로 인도하시는도다. 내 영혼을 소생시키시고 자기 이름을 위하여
의의 길로 인도하시는도다. 내가 사망의 음침한 골짜기로 다닐지라도 해를 두려워하지
않을 것은 주께서 나와 함께 하심이라. 주의 지팡이와 막대기가 나를 안위하시나이다.
주께서 내 원수의 목장에서 내게 상을 베푸시고 기름을 내 머리에 부르셨으니 내 잔이
넘치나이다. 나의 평생에 선하심과 인자하심이 반드시 나를 따르리니 내가 여호와의 집에
영원히 거하리로다.” 시편 23 편 말씀. 나의 아버지, 나의 구원자, 나의 생명이신 주 예수
그리스도 찬양합니다. 할렐루야.
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ABSTRACT

Many children are exposed to excessively technology. Such use of technology may lead
to health issues including obesity, attention deficits, and sleep disorders. Research has shown that
parameters of reinforcement, such as quality and delay, may influence how children allocate
their preferences. One way to drive preference away from high-tech toys may be to arrange
delays to reinforcement following such selections and immediate reinforcement for an alternative
response. In Experiment 1, four subjects who preferred high-tech leisure items over low-tech
leisure items were identified through the pair-stimulus preference assessments. The results of
Experiment 2 indicated that all subjects were sensitive to delay to reinforcement. When delays
were implemented following selection of high-tech items, preference shifted from high-tech to
low-tech leisure items at different delays.
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CHAPTER ONE:
INTRODUCTION

Children today have frequent access to devices ranging from televisions, DVD players,
computers, video games, MP3 players, tablet PCs, and smartphones. Approximately 97% of
households in the United States have a television, and 19% of those households have a television
in a child’s bedroom (Television Bureau of Advertising, 2012). Yearly, children spend an
average of 3.5 hours per day watching television (American Academy of Pediatrics, 2010).
Technological devices have become more advanced and are now portable, potentially increasing
access time. According to a nationally representative survey conducted by Common Sense
Media (2013), 40% of families with young children in the United States have at least one tablet
PC and 63% of families own at least one smartphone. Eight to 18-year-olds spend an average of
7.5 hours per day using electronic devices (Rideout, Foehr, & Roberts, 2010). This exceeds the
American Academy of Pediatrics’ (2010) recommended maximum of 2 hours of screen time per
day.
Excessive exposure on media via technology devices can contribute to health problems
for children, which can develop into more serious problems when they grow up. One example of
such a problem is obesity, which occurs in 16.9% of young children and 34.9% of adults over 20
years old in the United States (Ogden, Carroll, Kit, & Flegal, 2014). Much research has
demonstrated that obesity is correlated with sedentary behavior including watching television,
computer use, or other activities that require little or no physical movement (Buchowski & Sun,
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1996; DuRant, Baranowski, Johnson, & Thompson, 1994; Epstein, Roemmich, Paluch, &
Raynor, 2005; Epstein et al., 1995). Interacting with a smart phone or tablet pc would certainly
qualify as an activity requiring little or no physical movement. Those who engage in longer
periods of sedentary behavior are less likely to be engaged in physical activities and this may
result in reduced energy expenditure (DuRant et al., 1994). Watching television is associated
with obesity (Dietz & Gortmaker, 1985) and energy dense diets, perhaps because of increased
exposure to commercials advertising high-sugar snacks, beverages, and fast food (Taveras et al.,
2006; Utter, Scragg, & Schaaf, 2006). Children’s food choices are influenced by those
advertisements (Borzekowski & Robinson, 2001). Also, access to television while eating may
increase food consumption due to the process of dishabituation (Temple, Giacomelli, Kent,
Roemmich, & Epstein, 2007).
The concerns discussed above are a problem for young children, but can become even
more serious as those children age. Behavior patterns established during childhood may persist
into adulthood. According to Guo and Chumlea (1999), adult obesity could be predicted by the
BMI of childhood, and teenagers above 60th percentile of BMI have an almost 40% chance of
becoming obese adults. Prolonged obesity may increase risk for illnesses such as asthma
(Gilliland et al., 2003), cardiovascular disease (Dietz, 1997; Freedman, Mei, Sriniasan,
Berenson, & Dietz, 2007), diabetes (Mokdad et al., 2003), and hypertension (Sorof & Daniels,
2002). Other potential problems that are correlated with overuse of technology in children
include poor cognitive development (Zimmerman & Christakis, 2005), poor school outcomes
(Borzekowski & Robinson, 2005), attention deficits (Christakis, Zimmerman, DiGiuseppe, &
McCarty, 2004; Gentile, Swing, Lim, & Khoo, 2012; Swing, Gentile, Anderson, & Walsh,
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2010), sleep disorders (Zimmerman, 2008), and unhealthy eating habits (Tao & Liu, 2009; Rosen
et al., 2014).
Because of these possible adverse consequences, the American Academy of Pediatrics
recommends limiting technology-based media use, promoting alternative activities, not including
technology-based media in children’s rooms, and avoiding the use of technology-based media as
a baby-sitting tool (AAP, 2010). Approaches to limiting access to technology-based toys have
included a variety of strategies. Interventions have focused on decreasing technology use,
sedentary behavior, or both (Dennison, Russo, Burdick, & Jenkins, 2004; Epstein et al., 2008;
Epstein, Saelens, Myers, & Vito, 1997; Epstein et al., 1995; Ford, McDonald, Owens, &
Robinson, 2002). Researchers have typically used multi-component packages composed of
positive or negative reinforcement, punishment, feedback, token system, education, and
alternative activities. Most studies have required parental involvements, and in general these
packages have produced effective outcomes.
Along with multi-component packages, Epstein et al. (2008) used an automated device,
which controlled and monitored the use of televisions and computers by requiring a 4-digit code
in order to access the television or computer. Using this device, parents were able to restrict
usage to a “budget”, or a prescribed amount of time. When intervention group subjects had used
their entire given budget, their access was terminated. This resulted in a reduction of television
viewing; however, the change was not due to child choice, but to the parents’ use of the
automated device.
In situations in which parents cannot or will not forcibly reduce television access, it
would be helpful to identify interventions that lead to children making choices to spend less time
interacting with technological devices. Epstein et al. (1997) conducted an experiment in which
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they manipulated choice contingencies for obese children to decrease their response allocation
towards high-preference sedentary behavior in a contrived setting. After receiving positive
reinforcement for “good” choices or negative punishment for “bad” choices, children were less
likely to choose initially high-preferred sedentary behavior and more likely to choose initially
low-preferred sedentary behavior or physical activity. Thus, an intervention that focuses on
promoting child selection of a low-technology item in a natural environment may prevent
problems and may allow less parental involvement.
One approach that may be successfully applied to the problem of behavior allocation
towards unhealthy choices is to incorporate a delay to reinforcement for an undesirable response
while providing immediate access to a healthy choice. Neef, Mace, and Shade (1993) found that
one of the children with serious emotional disturbances selected immediacy over delay even
when a higher quality reinforcer was available at a higher rate for the delayed option. Dixon and
Cummings (2001) also showed preference for small immediate reinforcers over larger delayed
reinforcers. However, during self-control training, when children were provided with an activity
(math problems) during delays to reinforcement, they allocated responding towards large delayed
reinforcers and had less problem behavior during delays. Athens and Vollmer (2010) examined
the effects of parameters of reinforcement using differential reinforcement of alternative
behaviors without an extinction component, and their results indicated delay to reinforcement
can shift responding from problem behavior to appropriate behavior. All else being equal,
subjects tended to allocate responding toward alternatives with shorter delays to reinforcement.
To summarize, research suggests that immediacy is a potent parameter of reinforcement
for some individuals, and immediacy or delay may be used to influence one’s behavior
allocation, which can also assist him or her to develop self-control in making healthy choices
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independently. Therefore, the first purpose of this study was to describe children’s preferences
for high-tech and low-tech leisure items and to identify children who prefer high-tech leisure
items. A second purpose of this study was, for a subset of the identified children, to determine if
their preference was sensitive to delay to reinforcement and to identify delays that promote
changes in preference for low-tech leisure item.

5

CHAPTER TWO:
EXPERIMENT 1 METHOD

Subjects and Setting
Four subjects participated in this experiment. There were two sets of siblings. Jane was
an 8-year-old girl and Ray was a 9-year-old boy. Hannah was a 5-year-old girl and Taylor was a
6-year-old girl. All subjects were typically developing. The recruitment fliers were distributed to
public places including libraries, museums, and the University of South Florida. Interested
parents contacted the primary investigator via email or by phone. The subjects and their parents
were informed about the procedures before starting this experiment and the parents signed a
consent form, permitting their children to participate in the experiment. The subjects were
allowed to cease the sessions or withdraw from the study at any time during the experiment.
Sessions were conducted in a living room or at a kitchen table in the subject’s home, which
minimized distractions.
Materials
The materials included six high-tech leisure items, six low-tech leisure items, a timer, and
a camera. A camera was used for data collection purposes only. The timer was used to keep track
of timed access for each toy and was hidden from the subjects. The six high-tech and low-tech
leisure items were selected following a parent interview in which we asked parents to identify
leisure items that the subjects prefer. The high-tech items consisted of a tablet, a smart phone, a
laptop, a Nintendo®, a television, and a radio for all subjects. The low-tech items differed
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individually. Jane’s low-tech leisure items were a pencil and papers, a Play-Doh®, puzzles, a
coloring book, arts and crafts, and a book. Ray’s low-tech leisure items were puzzles, a PlayDoh®, a coloring book, math problems, arts and crafts, and a comic book. A car toy, a baby doll,
puzzles, a coloring book, drawings, and a reading book were the low-tech leisure items for
Hannah. A Barbie® doll, animal toys, a coloring book, puzzles, an American Girl® doll, and a
Barbie® Car were the low-tech leisure items for Taylor. Jane’s low-tech leisure items and Ray’s
low-tech leisure items somewhat overlapped because they lived in the same house. The same
was true for Hannah and Taylor’s low-tech leisure items.
Data Collection
The dependent variables were the percentage of selections for each stimulus. Selection
was defined as grabbing or touching an item with one’s hand(s). Data were collected on each
selection by the experimenter using a data sheet (see Appendix A) and a pen. The collected data
were calculated into the percentage of selections of each stimulus, which was the number of
times that the subject selected a stimulus divided by the total number of pairs in which the
stimulus was presented by the experimenter, and multiplied by 100%.
Interobserver Agreement and Treatment Integrity
Interobserver Agreement (IOA) was calculated for 33% of trials across all assessments
for each subject during Experiment 1. The trained second observer collected data from the video
recordings. IOA was measured by dividing agreements by agreements plus disagreements and
multiplying by 100%. For all subjects, the mean IOA during each assessment was 100%. The
treatment integrity was conducted for 33% of trials across all assessments for each subject. The
trained second observer collected the data using the implementation checklist of the pairedstimulus preference assessment (see Appendix C) by watching the recorded videos. Each
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checklist was scored as + for a correct response, - for an incorrect response, and N/A for not
applicable. The treatment integrity was measured by dividing correct (+) responses by correct (+)
responses plus incorrect (-) responses and multiplying by 100%. The mean percentage of
treatment integrity was 100% for all subjects.
Design and Procedure
Preference assessment. Three paired-stimulus preference assessments using similar
procedures to Fisher, Piazza, Hagopian, Owens, and Slevin (1992) were conducted to identify
the subjects’ highly preferred high-tech and low-tech leisure items, which were used for
Experiment 2. First, a paired-stimulus preference assessment was conducted to identify three
highly preferred leisure items among the six high-tech leisure items (described above). Before
the assessment began, all stimuli were introduced to each subject in isolation, each for 30 s. Each
stimulus was paired with another stimulus one time in a pseudo-randomized order for each
subject. Pairs were presented by placing them on a table within arm’s length of the subject. Items
were placed approximately equally on the left and right sides to identify any position bias. An
experimenter asked the subject to choose an item by saying, “Which do you want? Take the one
you want.” The subject had 5 s to select one of the stimuli by approaching an item and received
access to the selected item for 30 s; the other item was removed from the table immediately. The
timer started once the subject made the first click on the high-tech item or when the television
screen turned on. The next trial began following the termination of the subject’s access to the
item selected on the previous trial. Simultaneous approaches to both stimuli were blocked, and
the instruction was repeated. If the subject did not select either stimulus within 5 s, the
instruction was repeated once. If the subject still did not make the selection after repeating the
instruction, both stimuli were removed from the table, and the next trial was presented.
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Second, a paired-stimulus preference assessment was conducted to identify three highly
preferred leisure items among the six low-tech leisure items, which were selected through an
individual’s parental interview. The procedure was the same as the paired-stimulus preference
assessment for high-tech leisure items. A timer was started for 30 s of access to low-tech leisure
items once the subjects made the first contact with the item. Last, a paired-stimulus preference
assessment was conducted to identify the subject’s highly preferred leisure item among the top
three highly preferred high-tech items and the top three highly preferred low-tech items from the
previous assessments and to determine the subjects’ eligibility for Experiment 2. Only the
subjects who selected at least one of high-tech leisure items as a highly preferred item were
included in Experiment 2. In cases in which the next highly preferred leisure item was a low-tech
item and its score differed only 20% with the highly preferred high-tech, a paired-stimulus
preference assessment with the two items would have been conducted again. Then, if the hightech leisure item was consistently selected over the low-tech leisure item, the subject would have
been eligible to participate in Experiment 2. However, all subjects’ preference for high-tech
items was at least 20% greater than their preference for low-tech items and so this additional
assessment was not conducted. Based on the result of the last paired-stimulus assessment, the
highly preferred leisure items for Experiment 2 were selected: one high-tech item and one lowtech item. The procedure for this last paired-stimulus preference assessment was the same as
described above for the high-tech paired-stimulus preference assessment, except that there was
no pre-introductory presentation of all stimuli before the assessment began.
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CHAPTER THREE:
EXPERIMENT 1 RESULTS

Figure 1 is the bar graph for the paired-stimulus preference assessment of high-tech
leisure items. Each subject had the same types of high-tech leisure items, which were identified
through a parental interview. This graph below shows the top three highly preferred high-tech
leisure items for each subject. For Jane, they were a laptop, a Nintendo®, and a television. For
Ray, they were a tablet, a Nintendo®, and a television. For Hannah, they were a Nintendo®, a
television, and a smart phone. For Taylor, they were a smart phone, a laptop, and a Nintendo®
Those three high-tech leisure items were used for the third paired-stimulus preference assessment
to determine the subjects’ eligibility to be included in Experiment 2.
Figure 2 is the bar graph for the paired-stimulus preference assessment of low-tech
leisure items. It indicates the top three highly preferred low-tech leisure items for each subject.
For Jane, Play-Doh®, a pencil and papers, and a coloring were selected. For Ray, a comic book,
coloring book, and Play-Doh® were selected. For Hannah, a puzzle, a coloring book, and a
Barbie® Car were selected. For Taylor, a coloring book, a Barbie® doll, and a puzzle were
selected. Those three low-tech leisure items were used for the third paired-stimulus preference
assessment to determine the subjects’ eligibility for Experiment 2.
Figure 3 is the bar graph for the paired-stimulus preference assessment of the top three
highly preferred high-tech and low-tech leisure items from the previous assessments. It shows
the subjects who were to be included in Experiment 2. Each subject had 100% of selections for
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one high-tech leisure item. It was a laptop for Jane and a tablet for Ray. For Hannah and Taylor,
it was a Nintendo®. The difference between the highly preferred high-tech leisure item and the
highly preferred low-tech leisure item was 40% for all subjects, suggesting they preferred the
high-tech leisure items over the low-tech leisure items. Therefore, all four subjects were eligible
for Experiment 2. Each of their highly preferred high-tech and highly preferred low-tech leisure
items were used in Experiment 2: a laptop and a pencil and papers for Jane, a tablet and a comic
book for Ray, and a Nintendo® and a puzzle for Hannah and Taylor.

Figure 1. High-tech Paired-Stimulus Preference Assessment. The percentage of selections on
high-tech leisure items in a paired-stimulus preference assessment for Jane, Ray, Hannah, and
Taylor.
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Figure 2. Low-tech Paired-Stimulus Preference Assessment. The percentage of selections on
low-tech leisure items in a paired-stimulus preference assessment for Jane, Ray, Hannah, and
Taylor.
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Figure 3. Paired-Stimulus Preference Assessment for Inclusive Subject. The percentage of
selections for the highly preferred high-tech and low-tech leisure items in a paired-stimulus
Ex
preference assessment for Jane, Ray, Hannah, and Taylor.
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CHAPTER FOUR:
EXPERIMENT 2 METHOD

Subjects and Setting
The four children who picked the high-tech leisure items over low-tech leisure items in
Experiment 1 were able to participate in Experiment 2. The settings for each subject remained
the same.
Materials
The materials used during the experiment were a camera, two timers, two dissimilarly
colored 3x5 index cards, and the highly preferred high-tech leisure item and low-tech leisure
item identified in the third preference assessment in Experiment 1. The camera was used to
record sessions for data collection purposes only. Each timer was hidden while it kept track of
the delay time and the duration of the accessibility for an item. At the start of each trial, two
colored index cards (representing the most highly preferred high-tech [purple] and low-tech
[yellow] leisure items [from the assessment in Experiment 1]) were placed in front of the
subjects, and the corresponding items were placed directly behind the cards.
Data Collection
The dependent variables were the percentages of the final selections on the high-tech and
low-tech leisure items. The items were chosen by having the subject physically touch the index
card associated with the item. Data were collected on the data sheet (see Appendix B) in each
session. A session consisted of five trials, and about three to four sessions were conducted per
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visit by the experimenter. Other data such as initial selections, final selections, and any
occurrences of switching from a high-tech selection to a low-tech selection after an initial
selection towards high-tech in the delay conditions were recorded, along with the latency to the
switch from the start of the delay. Final selection data were calculated into a percentage by
taking the number of times an item was selected and dividing by the number of the opportunities
for selection (i.e. trials), and multiplying by 100%.
Interobserver Agreement and Treatment Integrity
IOA data were collected for 42.10% of sessions for Jane, 35.71% of sessions for Ray,
50% of sessions for Hannah, and 47.36% of sessions for Taylor. The trained second observer
collected data from video recordings to examine the reliability of the data collection system. IOA
was calculated by comparing agreements and disagreements and dividing the number of
agreements by agreements plus disagreements and multiplying by 100%. An agreement was
when both observers scored the same event on a trial. In the case of the latency to switch from
one leisure item to another data, any discrepancy in the time of switch that was 5 s or less was
considered as an agreement. The mean IOA in each condition for Jane, Ray, and Taylor was
100%. For Hannah, the mean IOA was 98.57% ranged from 90% to 100%. This lower
percentage was due to a discrepancy of the time when the switch occurred during a delay
condition between the primary and the secondary observers.
The treatment integrity was calculated for the same percentages of sessions as the
percentages for IOA data across each subject. The trained second observer collected the data
from the videos using an implementation checklist developed for either the baseline or delay
condition (see Appendix D and E). Each item on the checklist was scored as + for a correct
response, - for an incorrect response, or N/A for not applicable. The treatment integrity was
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measured by dividing correct (+) responses by correct (+) responses plus incorrect (-) responses
and multiplying by 100%. The treatment integrity scores for Jane, Hannah, and Taylor were
100%. For Ray, it was 98.96% (range 95.83% to 100%) because there was an error in session 7.
One of five trials was not implemented by the experimenter.
Experimental Design and Procedure
A reversal design was used to evaluate the effects of delay to reinforcement on changing
subjects’ choice from high-tech leisure item to low-tech leisure item. There were baseline and
increasing delay conditions. The increasing delay conditions began with a 1-min delay to
reinforcement. Each consecutive session in which the subject did not show a preference toward
the low-tech item resulted in double the delay to reinforcement from the previous session (e.g.,
1-min, 2-min, 4-min, 8-min, etc.). Any sessions in which the subject showed a preference toward
the low-tech item but had made a switch from the low-tech leisure item to the high-tech leisure
item also resulted in double the delay to reinforcement. Delay condition phases continued to
increase until a preference for the low-tech item emerged and maintained at 60% or above of
final selections of low-tech leisure item for at least three consecutive sessions; if it showed
decreasing trend, then continued the sessions until it stabilized or showed increasing trend. When
preference shifted from the high-tech leisure item to the low-tech leisure item, the baseline
condition and the delay condition using the specific delay during which the switch from hightech to low-tech occurred were repeated to demonstrate the experimental control over changes in
subjects’ preference for low-tech and high-tech leisure items.
Baseline. During baseline, both the high-tech and low-tech leisure items were presented
to the subject behind the index cards representing each, and the subject was prompted to select
an item. The subject was given an instruction; for example, “you can choose either one you want.
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Both of them are available immediately. Touch the card to tell me which you want.” One of the
leisure items was selected by the subject by touching the associated index card, and the selection
was verbally stated; for example, “you chose the laptop” and the subject was allowed to access
the selected item immediately for 30 s. There were no delays to access for either selection. The
timer started when the subject made either the first click on the high-tech leisure item or the first
contact with the low-tech leisure item. The time was stopped either by the request of the subject
or if the item has not been functioning properly. It resumed again when the subject or the item
was ready. If the subject had not selected either one of the two items, the instruction was
repeated. If no selection had been made at that point, the trial was terminated.
Increasing delay. In the delay condition, there was a constant 0-s delay for low-tech
selections and incrementally increasing delays (e.g., 1-min, 2-min, 4-min, 8-min, and etc.) for
high-tech selections across sessions. Each of the high-tech and low-tech leisure items were
presented to the subject and selected by him or her touching a representative index card for the
item, as in baseline. If the selection has been made on a low-tech leisure item, it was provided
immediately for 30 s. If the selection has been made on a high-tech leisure item, it was delayed
for a specific time (according to the delay assigned for that session) and subject was allowed
access to the item for 30 s after the delay. The subject was given an instruction that indicated the
delays (if any) associated with each selection; for example, “you can choose either one you want.
If you choose a puzzle, it is available right now, or if you choose the laptop, it is available in 1
min. Touch the card to tell me which you want.” If the index card for the laptop was touched by
the subject, the next instruction was provided to subject, “you chose the laptop, you can have it
in 1 min, or you can touch the card to have the puzzle now.” Then, the index card for laptop was
removed immediately. The other index card was left in front of the subject indicating he or she
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was allowed to switch his or her choice to the puzzle during the delaying or waiting time. During
delays, the subject was required to remain in the area having no interactions with people or
items. If a subject switched his or her choice to the low-tech item (e.g. puzzle) by touching the
yellow index card, the subject was informed about her selection and instructed to access to the
puzzle for 30 s. For example, “you chose the puzzle. You can have it for 30 s.” The yellow index
card for the puzzle was then removed from the table and the puzzle was provided immediately.
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CHAPTER FIVE:
EXPERIMENT 2 RESULTS

The upper panel graph in Figure 4 displays the percentage of final selections on the hightech leisure item (a laptop) and the low-tech leisure item (a pencil and papers) for Jane. During
baseline, 100% of her final selections were the laptop for all sessions. When the 1-min delay was
introduced, an immediate change was observed and she allocated responding to the pencil and
papers for 100% for two consecutive sessions. Then, in session 8, she had her first contact with a
1-min delay to reinforcement; she waited 1 min to get access to the laptop. After the contact with
the 1-min delay to reinforcement, she continued to selection the laptop for 60% in the next
session, in which showed a switch from low-tech leisure item to high-tech leisure item. Thus, the
2-min delay was introduced. During the 2-min delay, the percentage of her final selections
ranged from 60% to 100% across sessions 10 thru 13. The majority of the final selections were
allocated toward to the pencil and papers when the delay to the laptop was 2 min. The baseline
condition was then reintroduced. During the reversal to baseline, 80% of her final selections
were for the laptop for three consecutive sessions. When the 2-min delay was reintroduced, she
immediately reallocated responding toward the pencil and papers. The lower panel graph in
Figure 4 shows the latency of the switch to low-tech leisure item during delays. A switch
occurred in session 17 during the reversal to 2-min delay condition. Its latency was at 0 s, which
indicated that Jane had selected the laptop at first then she switched to the pencil and papers
immediately after.
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Figure 4. Jane’s Graphs. The top panel graph is for Jane across baseline, delay, and reversals
to the baseline and delay conditions: open circles (low-tech items) and closed circles (hightech items) reflect percentage of final selections over sessions. Shaded circles reflect an
occurrence of switch in selection from high-tech leisure item to low-tech leisure item, which
was only available during delay conditions. The bottom panel graph represents the latency at
which Jane switched to a low-tech leisure item during delays.
Figure 5 depicts the percentage of final selections on the high-tech leisure item (a tablet)
and the low-tech leisure item (a comic book) for Ray. In baseline, 100% of his selections were
for the tablet for all sessions. During the 1-min delay condition, changes in his selections
occurred. In session 6, Ray began to select the comic book for 60% and had the first contact with
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1 min delays. Then, the percentage of his final selections toward the comic book increased up to
100% from session 6 to 8. Although there were only four trials conducted with him instead of
five trials in session 7 due to an implementation error, its percentage was 75% for the comic
book. In other words, the comic book was selected three times out of four opportunities, which
still indicated that the majority of his selections were toward the comic book. This pattern
reversed during a return to baseline, and Ray reallocated 100% of selections for the tablet again.
When 1-min delay was reintroduced, he again made 100% of the final selections to access the
comic book. There was no occurrence of switch to the low-tech leisure item during delays for
Ray. For that reason, no latency to a switch to the low-tech leisure item is reported.

Figure 5. Ray’s Graph. The graph is for Ray across baseline, 1-min delay, and reversals to
the baseline and delay conditions: open circles (low-tech items) and closed circles (high-tech
items) reflect percentage of final selections over sessions.
In Figure 6, the upper panel displays the percentage of final selections on the high-tech
leisure item (a Nintendo®) and the low-tech leisure item (a puzzle) for Hannah. During the first
baseline, the Nintendo® was at 60% of the final selections and increased to and stabilized at 80%.
Hannah continued to select the Nintendo® during the delay conditions until the 4-min delay
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condition. In the 1-min and 4-min delay conditions, there were two sessions (one per each
condition), in which only four of the five trials were conducted, with the percentages of
Nintendo® selections at 75% each. During one of the five trials in those two sessions, she was
instructed twice and did not make a selection, terminating the trial in both conditions. During
session 7 of the 8-min delay condition, two of the five trials were also terminated for the same
reason. Out of the three trials, the puzzle was selected at 100%. Throughout the rest of the
sessions of the 8-min delay, she continued to allocate responses toward puzzles. When the
baseline was re-introduced, she made 100% of her final selections to the puzzle once, then the
percentage of the final selections on the puzzle decreased to 60% and maintained at 60% for
three consecutive sessions. Hannah began to make the majority her final selections toward the
puzzle during the reversal to the 8-min delay condition. In session 4 and 6, there were four trials
in each session because one trial was terminated because she did not make any selections. Two
out of five trials were also terminated because of the same reason in session 7. The lower panel
graph in Figure 6 indicates the latency of the switch to low-tech leisure item during the 1-min, 2min, 8-min, and the reversed 8-min delay conditions for Hannah. The switches occurred only one
trial in each session. The latency of the switch to the puzzle was at zero min in session 4 and 5,
in which Hannah made immediate switches to access the puzzle with no delay. The latencies of
the switch to the puzzle in session 8 and 14 were at 4.88 min and 2.05 min. The unit of min was
converted into a number by adding the number of minutes to the number of seconds and dividing
by 60.
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Figure 6. Hannah’s Graphs. The top panel graph is for Hannah across baseline, delay, and
reversals to the baseline and delay conditions: open circles (low-tech items) and closed circles
(high-tech items) reflect percentage of final selections over sessions. Shaded circles reflect an
occurrence of switch in selection from high-tech leisure item to low-tech leisure item, which
was only available during delay conditions. The bottom panel graph represents the latency at
which Hannah switched to a low-tech leisure item during delays.
In Figure 7, the upper panel graph shows the percentage of final selections on the hightech leisure item (a Nintendo®) and the low-tech leisure item (a puzzle) for Taylor. In the first
baseline, the Nintendo® was selected 80% of the opportunities and above. Similar to Hannah,
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Taylor continued to select the Nintendo® during 1-min and 2-min delay conditions. When the 4min delay was introduced, she began to allocate responding toward the puzzle, but then the
allocation dramatically changed to the Nintendo® in session 10. Once the change occurred, the
next 8-min delay condition was presented. Taylor selected the puzzle 100% of the time for three
consecutive sessions during the 8-min delay condition. When she returned back to the baseline,
she selected the Nintendo® once again. In the reversal to the 8-min delay condition, she started to
allocate selections toward the puzzle again. The lower panel graph in Figure 7 indicates the
latency of the switch to the low-tech leisure item during the 4-min and 8-min delay conditions
for Taylor. The switches occurred only one trial in each session. The latency of the switch to the
puzzle during the waiting for the delays were 0.33 min and 0 min in session 9 and 13,
respectively. The latency of 0 min was because Taylor had switched the selection so quickly that
the timer was not yet started.
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Figure 7. Taylor’s Graphs. The top panel graph is for Taylor across baseline, delay, and
reversals to the baseline and delay conditions: open circles (low-tech items) and closed circles
(high-tech items) reflect percentage of final selections over sessions. Shaded circles reflect an
occurrence of switch in selection from high-tech leisure item to low-tech leisure item, which
was only available during delay conditions. The bottom panel graph represents the latency at
which Taylor switched to a low-tech leisure item during delays.
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CHAPTER SIX:
DISCUSSION

The purpose of Experiment 1 was to identify children who preferred high-tech leisure
item to be included in Experiment 2. The purpose of Experiment 2 was, for the identified
children, to determine if their preferences are sensitive to delay to reinforcement and identify
delays that promote changes in their choice from high-tech to low-tech leisure items. All subjects
preferred high-tech leisure items over low-tech leisure items in Experiment 1. All subjects were
sensitive to some delay to reinforcement in Experiment 2 and switched from high-tech to lowtech leisure items, although the duration of the effective delay varied across subjects. Their data
demonstrated a functional relation between their selections for high-tech or low-tech leisure
items and the delay to reinforcement; when the effective delays were in place for the high-tech
leisure items, their selections shifted from high-tech to low-tech leisure items. This effect was
replicated for all subjects.
Jane and Ray both selected low tech-items at the shortest delays (2 min and 1 min,
respectively) which is unsurprising because both the high-tech and low-tech leisure items were
highly preferred items for them, although their high-tech leisure items were preferred 40% more
than their low-tech leisure items in the preference assessment in Study 1. For the other subjects,
Hannah and Taylor, they changed their selections to low-tech items at 8-min delays, but they had
the same results from Experiment 1 as Jane and Ray.
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There was a difference in the duration of the shortest effective delay for each subject but
environmental conditions also appear to be similar for across the two sets of siblings (Jane and
Ray as one pair and Hannah and Taylor as another). Each member of the pair were apart in age
by one year and also lived in the same house. The two pairs also had similar delays each other,
however they had different delays between each pair. The difference in delays between the two
sets of siblings could be due to the accessibility of the items. For Hannah and Taylor, who
required the longer delays to shift their selections, high-tech and low-tech leisure items were
available only during the experiment, whereas for Jane and Ray, who had shorter delays, had
high-tech and low-tech leisure items freely available outside of the experiment. Thus, Hannah
and Taylor might have been more likely to endure the longer delays because the high-tech items
may be more potent reinforcers for them. This is consistent with other findings comparing work
output under open and closed economies in which subjects have been shown to persist working
on tasks for longer when stimuli are only available in session (see Hursh, 1980 for a review).
In addition, Jane and Ray required shorter delays to reinforcement to promote changes in
preference than Hannah and Taylor did, which could have happened because the duration of
accessed time (30 s) may not have been reinforcing enough to endure the consequence of the
longer delays. Jane and Ray who had their own laptop or tablet were most likely to use the hightech leisure item for a longer period at once, whereas Hannah and Taylor who did not have their
own high-tech leisure items yet were exposed to the items under parents’ control. Jane verbally
stated that the duration is too short to do any activities with the high-tech leisure item. Therefore,
the accessibility of the items outside of study sessions and the duration of the access time may
have affected the difference in delays between the two types of subjects.
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The results showed that delay to reinforcement shifted children’s choices from the hightech leisure items to the low-tech leisure items. If these results have generality beyond the
subjects in this study, this suggests that parents may use delays to shift their children’s responses
toward lower technology toys. This may be accomplished by using applications that introduce
delays which can be installed on smart phones or tablet computers. Similar delay devices can be
installed on televisions, tablets, laptops, or smart phones (e.g., Screen Time Parental Control and
PlayLimit ™). As the delayed and immediate reinforcements have been shown to be effective
parameters to shift the four subjects’ preference in leisure items, their parents may use these
applications to encourage them to make better and healthier choices in home environments.
One of the limitations in this study would be the lack of evidence of generality beyond
our study’s subjects given that there were only four subjects who also had several commonalities
among them. Future researchers may wish to replicate this study with more children and include
different populations such as children with emotional disturbances or intellectual or
developmental disabilities. Another limitation is, as mentioned above, the high-tech leisure times
and the low-tech leisure items were freely accessible to some of the subjects outside of the
experimental sessions, which might have resulted in shifting their choice to shorter delays than
what they may have selected if access was limited. Future studies might evaluate the effects of
similar interventions in which stimuli are not available outside of sessions (e.g., in a closed
economy, see Hursh, 1980).
Furthermore, there may have been an occurrence of reactivity during the experiment for
Jane in session 13 through session 16. Her grandmother visited her house and observed the
experiments. In session 13, her selections abruptly increased to 100% of the low-tech leisure
item under her grandmother’s watch. During the reversal to the baseline, her grandmother left the
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living room, and she often looked back to see if the grandmother was watching her. Possibly for
this reason, she allocated the majority of her responses toward the high-tech leisure item as
expected, but selected the low-tech leisure item in one of the five trials during each session. Even
though reactivity may have affected a few of her sessions, the data still showed experimental
control: her selections for high-tech and low-tech leisure items were affected by the current
condition and the contingencies in effect in that condition.
In natural environments, children access high-tech leisure items for longer durations than
the recommended time per day (American Academy of Pediatrics, 2010). Our procedures
appeared effective at identifying delays that could be used to shift preference from high- to lowtech toys. Future studies should be conducted to identify appropriate durations for the reinforcer
and to examine if subjects’ allocation of responses may change by increasing the duration of
access to the reinforcer. Future research can also focus on training parents and caregivers to
implement therapeutic delays to reinforcement in naturalistic settings. In this study, we focused
exclusively on the delay parameter but other research has shown that other reinforcement
parameters can be used to shift responding (e.g., Athens & Vollmer, 2010; Neef, Mace, & Shade,
1993). Future researchers may wish to examine ways to evaluate other parameters of
reinforcement into interventions in this area.
One of the problems previous research has mentioned related to excessive use of hightech leisure items was obesity which involved less physical activities, yet the low-tech leisure
items that were involved in this study did not necessarily increase physical activity.
Nevertheless, activities that contain low-tech leisure items could have other positive outcomes
related to the development of fine motor skills such as playing with dolls or toy animal, turning
pages of a book, writing or coloring on papers, cutting papers, fitting puzzle pieces together, and
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playing with Play-Doh® (e.g., Brook, Wagenfeld, & Thompson, 2006; Guyton, 2011). So there
were benefits to using the low-tech leisure items we included in our study, but those benefits
were not directly related to obesity. Future research may consider including low-tech leisure
items that involve physical activity and include physical activity outcome measures.
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APPENDIX A: Paired-Stimulus Preference Assessment Data Sheet
Subject Name:
Experimenter Name:
Date:_______
Session Number: ___________________
Item Type: ____________________
Stimuli
1.

2.

3.

4.

5.

6.

 Circle the item number chosen by a subject. Place a checkmark in NR if no response.
Trial #

Left

Right

1

5

6

2

4

3

3

1

2

4

5

4

5

3

1

6

6

2

7

1

4

8

2

5

9

6

3

10

5

1

11

4

6

12

3

5

13

4

2

14

1

6

15

2

3

NR
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APPENDIX B: Experiment 2 Data Collection Sheet
Subject Initial:
Data Collector:
..
Session Number: ______________

Delay
Trials

Choice

(HT)

Date:

/

Occurrence of
Switch

.

(LT)
Time of Switch

T1

HT

LT

Y

N

T2

HT

LT

Y

N

T3

HT

LT

Y

N

T4

HT

LT

Y

N

T5

HT

LT

Y

N

:
:
:
:
:

/

(LT)

Comments

Session Number: ______________

Delay
Trials

Choice

(HT)

Occurrence of
Switch

T1

HT

LT

Y

N

T2

HT

LT

Y

N

T3

HT

LT

Y

N

T4

HT

LT

Y

N

T5

HT

LT

Y

N
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Time of Switch

:
:
:
:
:

Comments

APPENDIX C: Implementation Checklist of Paired-Stimulus Preference Assessment
Subject Name: ___________________
Session Number: ___________________

RA Name: _______________________
Date Scored: _____________________
TF %: __________________________

Correct (+)/ Incorrect (-)/ Not
Applicable (NA)

Procedure for Implementer
1. Did the subject receive 30
seconds for each of the six
items before the assessment
began?
2. Were the two items delivered
to the subject in their
respective positions?

3. Was the instruction (1)
delivered in 3 s?

4. If the subject did not make a
selection in 5 s, was the
instruction repeated?

5. Was unselected item
removed from the table?

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

T13

T14

T15

T16

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

T13

T14

T15

T16

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

T13

T14

T15

T16

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

T13

T14

T15

T16
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Comments

6. Was the selected item
delivered to the subject for
30 s?

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

T13

T14

T15

T16

Instruction:
1. “Which do you want? Take the one you want.”
Guidelines:
 Question #1 was only applicable for the assessments of high-tech or low-tech leisure
items.
 A trial is terminated if there is no selection after the second instruction.
 When high-tech leisure items are selected, the timer starts when the subject makes the
first click or when the television screen turns on.
 When low-tech leisure items are selected, the timer starts when the subject makes the first
contact with the item.
 The time is stopped either by the request of the subject or if the item is not functioning
properly. It resumes again when the subject/item is ready.
 If the discrepancy of the delivered time (30 s) is within 5 s, that is acceptable.
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APPENDIX D: Implementation Checklist for Baseline Condition
Subject Name: ___________________
Session Number: ___________________

Procedure for Implementer
1. The representative cards and
the items were placed in front
of the subject before the
instructions were provided.
2. Instruction (1) was delivered in
3s.
3. If the subject has not made a
selection in 5s, the instruction
was repeated.
4. When the selection has been
made by the subject, the
unselected items and the cards
were removed from the table.
5. Instruction (2) was delivered in
3s.

6. The selected item was
delivered to the subject for 30s.

RA Name: _______________________
Date Scored: _____________________
TF %: __________________________

Correct (+)/ Incorrect (-)/ Not
Applicable (NA)
T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

Comments

Instructions:
1. “You can choose either one you want. Both of them are available immediately. Touch the
card to tell me which you want.”
2. “You chose (item). You have it for 30 s.”
Guidelines:
 A trial is terminated if there is no selection after the second instruction.
 The yellow card represents low-tech leisure item.
 The purple card represents high-tech leisure item.
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When high-tech leisure items are selected, the timer starts when the subject makes the
first click or when the television screen turns on.
When low-tech leisure items are selected, the timer starts when the subject makes the first
contact with the item.
The time is stopped either by the request of the subject or if the item is not functioning
properly. It resumes again when the subject/item is ready.
If the discrepancy of the delivered time (30 s) is within 5 s, that is acceptable.
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APPENDIX E: Implementation Checklist for Delay Conditions
Subject Name: ___________________
Session Number: ___________________

Correct (+)/ Incorrect (-)/
Not Applicable (NA)

Procedure for Implementer
1. The representative cards and the
items are placed in front of the
subject before the instruction
were provided.

RA Name: _______________________
Date Scored: _____________________
TF %: __________________________

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

T1

T2

T3

T4

T5

10. Instruction (3) was delivered in
3s.

T1

T2

T3

T4

T5

11. The selected item was delivered
to the subject for 30s.

T1

T2

T3

T4

T5

2. Instruction (1) was delivered in
3s.
3. If the subject has not made a
selection in 5s, the instruction
was repeated.
4. If the low-tech item has been
selected, the unselected items
and the cards were removed from
the table. (Go to #10)
5. If the high-tech item has been
selected, the instruction (2) was
delivered in 3s.
6. Then, only the purple card and
the high-tech item were
removed.
7. The timer started for the
proposed amount of time.
8. If the low-tech item has been
selected during the delay, the
timer stopped and the yellow
card was removed. (Go to #10)
9. If the timer has been expired, the
yellow card and low-tech item
were removed from the table.
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Comments

Instructions:
1. “You can choose either one you want. If you choose (low-tech), it is available right now,
if you choose (high-tech), it is available in (__min). Touch the card to tell me which you
want.”
2. “You chose (high-tech), you can have it in (__min) or you can touch the card to have
(low-tech) now.”
3. “You chose (low-tech/high-tech), you can have it for 30 s.”
Guidelines:
 A trial is terminated if there is no selection after the second instruction.
 The yellow card represents low-tech leisure item.
 The purple card represents high-tech leisure item.
 When high-tech leisure items are selected, the timer starts when the subject makes the
first click or when the television screen turns on.
 When low-tech leisure items are selected, the timer starts when the subject makes the first
contact with the item.
 The time is stopped either by the request of the subject or if the item is not functioning
properly. It resumes again when the subject/item is ready.
 If the discrepancy of the delivered time (30 s) is within 5 s, that is acceptable.
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APPENDIX F: IRB Approval Letter
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